While prior research has examined the role of Information Technology (IT) investments in the process and performance of innovation, there is relatively little research on the business value of IT innovation itself. In particular, the impact of a firm's IT innovation on the performance of the firm's rivals remains unexplored. In order to advance our understanding of the competitive impact of IT innovation, we investigate the impact of a firm's software patents on rivals' market value using data from the US IT industries. Theoretically, there are two countervailing forces influencing the competitive impact of software patents: market-stealing and spillover. Therefore, the net impact of a firm's software patents on rivals depends on the relative magnitude of these two forces, and is essentially an empirical question. We find that a focal firm's software patent stock is negatively associated with its rivals' market value. In addition, we find interesting moderating effects of two factors: hardware patent stock and competitive intensity. Our results indicate that the focal firm's hardware patent stock amplifies the negative impact of its software patent stock on rivals' market value. Furthermore, we find that the competitive intensity of the industry mitigates the competitive impact of software patent stock. We discuss the implications for research and practice.
INTRODUCTION
Innovation is an essential strategic endeavor that plays a critical role in both the survival and prosperity of firms in every industry (Utterback 1994) . A firm's innovations are often manifested in new ways of doing things or new products and processes that contribute to the competitiveness and performance of the firm. In today's digital age, firms rely heavily on investments in information technology (IT) to innovate and manage the process of innovation (Kleis et al. 2012) . Consequently, researchers have examined the role of IT investments and capabilities in generating patented innovation (Joshi et al. 2010; Kleis et al. 2012) as well as the impact of complementarities between IT investment and innovation processes on firm's financial performance (Bardhan et al. 2013 ).
However, there has been relatively little research on the business value of IT innovation itself (e.g., Brynjolfsson and Saunders 2009) . Further, the limited extant research investigating the impact of IT innovation has focused primarily on the value of IT innovations to the focal firm that innovates, and found that IT innovations increase the financial market value of the innovating firm (Chung et al. 2014; Hall and MacGarvie 2010) . Although the results demonstrate the value of IT innovations, it is not clear whether this value is created at the expense of the competitors of the focal firm or such IT innovations are beneficial to the whole industry in which the focal firm operates (i.e., the focal firm's innovation benefit not only itself but also its competitors in that industry). Therefore, in this study we examine the impact of IT innovations by a focal firm on the firm's competitors.
In order to protect their IT innovations and prevent other firms from using them, firms frequently rely on patents, which are one of the strongest forms of firms' intellectual property (Teece 1998) . Patents grant legal authority to the inventor to prohibit others from making or selling the patented invention for a fixed period of time. Although IT innovations can result in hardware as well as software patents, our study focuses on software patents. Unlike hardware patent focusing on hardware technologies, software patents involve a logic or algorithm for processing data and have been defined as patents on any performance of a computer realized by means of a computer program (FFII 2007; Hall 2003) . Software patents have highly abstract property due to its complexity (Bessen and Hunt 2007) .
In the past, only hardware innovations were patentable while software innovations were not, because of their abstract nature and also because the lengthy process of patenting made the software patents, which have a short commercial life, irrelevant (Bender and Barkume 1992) .
However, since the landmark court decision in 1998 that made software patentable, the number of software patents has been increasing. 1 At the same time, patent infringement lawsuits involving software have increased considerably. According to a report by US Government Accountability Office (GAO), from 2007 to 2011, the number of overall defendants in patent infringement lawsuits increased by about 129 percent, and lawsuits involving software-related patents accounted for about 89 percent of the increase in defendants (GAO 2013) .
Further, although prior research has examined the value of patents mostly at the economy level (i.e., across various heterogeneous industries), prior research suggests that industries differ in terms of the average number of patents generated by each dollar of R&D investment (Scherer 1983) , their ability to appropriate returns from their R&D investments, and the value of the patents themselves (Hall et al. 2005; Levin et al. 1987) . Therefore, there has been a call for patent research within specific industries (Cockburn and MacGarvie 2011; Mykytyn et al. 2002) .
Given that software innovation is the core product innovation in the IT industry -an industry that is characterized by fierce competition and fast technological changes, we focus on examining the value impacts of software patents in the IT industry. The aforementioned increase in softwarerelated lawsuits including the highly publicized lawsuits between Samsung and Apple attest to the strategic importance of software patents in the IT industry.
Despite the growing importance of software patents and the call for research on their impacts on firm value and competitive advantage (Kazuyuki 2009; Mykytyn et al. 2002) , there has been relatively little empirical research on the business value and competitive effect of software patents. While a few studies have examined the impact of software patents on firm performance (Hall et al. 2005; Hall and MacGarvie 2010) , there is a paucity of research on the competitive impact of software patents. As a result, our understanding of whether and how software patents impact competition is still limited. In this study, we attempt to fill this research 1 The number of software-related patents grew steadily from the mid-1990s to 2005, at an average rate of 4.7 percent a year from 2000. In 2005, more than 50,500 international patent applications were filed under the PCT (Patent Co-operation Treaty) to protect inventions in IT. In fact, the number of software-related patents increased more rapidly than the total number of PCT applications. In 2005, more than 15,000 software patents were granted and its proportion exceeded 12%.
gap by empirically investigating the relationship between the software patents of a firm on its competitors' financial market value.
Empirically examining the relationship between a firm's software patents and its competitors' market value is important especially because the impact of a focal firm's patented software innovations on its competitors is theoretically ambiguous (Fosfuri and Giarratana 2009; McGahan and Silverman 2006; Teece 1986 ). On one hand, a focal firm's software patents can have market-stealing effects: software patenting by a firm may generate property rights that give the firm a competitively advantageous position, thereby adversely affecting the competitor firms' market value. On the other hand, a focal firm's software patents can also have spillover effects on the rival firm: a software innovation patented by a firm may trigger greater technological opportunity for the rival firms, or the disclosure of software patents by a firm may provide crucial information on which rival firms can build their own products/services, thereby enhancing the rival firms' market value. Therefore, the net impact of a focal firm's software patents on a rival firms' market value depends on the relative magnitude of these two countervailing forces, and hence is an empirical question.
To address this empirical question, we employ a large panel dataset covering 420 firms (including their rivals) in US IT industries over the 1998-2006 period and investigate whether a focal firm's software patents have a positive or negative impact on rival firms' market value. We also examine whether the focal firm's hardware patents moderate the impact of its software patents on the rival firms' market value. Furthermore, we examine the moderating role of competitive intensity, one of the key environmental variables used by prior studies.
The paper makes several contributions to both theory and practice. First, we contribute to the literature on the value of patents in general (e.g., Ernst 2001; Hall et al. 2005; Hall and MacGarvie 2010) , and the nascent literature on the value of IT patents in particular (e.g., Chung et al. 2014) by separating the two types of IT patents-software and hardware patents-and theorizing and empirically assessing the competitive impact of software patents. Our finding that a firm's software patents have a negative impact on its rivals' market value, while the impact of the firm's hardware patents is insignificant, highlights that different types of patents have distinct characteristics and need to be examined separately to gain a richer understanding of their impacts.
Second, more importantly, we contribute to the literature by examining the competitive effects of software patents. Most prior patent studies have focused on examining the impact of firms' patents on their own performance, and the impacts on rivals' performance remain relatively unexplored. Although prior studies suggest that a firm's innovation can benefit rival firms through knowledge spillover (McGahan and Silverman 2006) , our results suggest that market-stealing effects dominate in the case of software patents in the IT industries. This is consistent with our conceptualization of software patents as a key resource in the IT industry that can offer competitive advantage, and extends the handful of studies that have examined the value of software patents (Bessen 2011; Graham and Vishnubhakat 2013; Hall and MacGarvie 2010) .
Third, our analysis of the moderating role of hardware patent stock and competitive intensity provides new insights into the conditions under which the effects of software patents on rivals (i.e., either market-stealing or spillover) can be magnified or mitigated. Prior patent studies have mostly focused on the main effect of patents, and, for the most part, have not identified factors that can influence the extent to which patents create value (Bessen 2011; Hall and MacGarvie 2010; Liu and Wong 2011) . Our finding that a firm's hardware patent stock strengthens the negative impact of the firm's software patent stock on rivals' market value provides empirical evidence on the importance of complementary assets (hardware patents in our case) in developing competitive advantage from innovations (Teece 1986 ). This also underscores the importance of having a systems approach to IT innovations-firms are more likely to gain competitive advantage from IT-based innovations including both hardware and software components, compared to those focusing solely on either software or hardware innovations.
Further, by examining the moderating effect of competitive intensity in the context of software patents, we extend the strategy literature that has examined the impact of external environments on the competitive dynamics (Keats and Hitt 1988; Megna and Klock 1993; Sirmon et al. 2007; Zahra and Bogner 2000) . Our finding that the negative impact of a firm's software patent stock on rivals' market value is mitigated under a higher level of competitive intensity has an important policy implication.
The next section reviews prior literature and derives our research questions. Section 3 describes our research data; Section 4 presents our empirical methods, results, and robustness checks. Section 5 concludes the paper. Prior studies on innovation have discussed two distinct effects of a firm's innovations on its rivals: market-stealing and spillover (Levin et al. 1985; McGahan and Silverman 2006; Teece 1986 ). The market-stealing effect occurs when a firm's innovations enable the firm to improve its products and services, increase efficiency, or gain stronger competitive advantage against its rivals. On the other hand, the spillover effect occurs when the knowledge generated by a firm's R&D becomes available to other firms, consequently benefiting its rivals as well as the focal firm. These two effects may co-exist in the case of software patents. Specifically, software patents help a firm legally protect its knowledge so that rivals cannot copy its improved products and services, thus generating a competitive advantage beyond that from its initial R&D. At the same time, however, the disclosure involved in the patenting process may diffuse knowledge about the patented innovation that may spill over to other firms, its rivals in particular, thereby benefitting the rivals. (Gao and Iyer 2006; Teece 1986) . Moreover, such a firm can consolidate its position in the industry as a technological leader, thereby extracting greater rents from its resources and outperforming its competitors (Gao and Iyer 2006; Piccoli and Ives 2005) . Thus, greater hardware patent stock possessed by a firm will strengthen the market-stealing effect of its software patent portfolio.
THORETICAL BACKGROUND AND RESEARCH QUESTIONS
On the other hand, greater hardware patent stock owned by a firm can weaken the spill-over effects of the firm's software patent portfolio. The spillover effect requires rival firms to be able to learn and build upon the knowledge disclosed by the focal firm's software patents. However, the hardware and software patents in the focal firm's portfolio may create complex knowledge interdependencies which make it difficult for its rivals to leverage the knowledge embedded in software patents (Jain and Jain 2011) . Thus, the extent of knowledge spillover from a focal firm's software patents and its impact on rivals would be smaller in the presence of high stocks of hardware patent owned by the focal firm.
To summarize, in the presence of greater hardware patent stock owned by a focal firm, the market-stealing effect of its software patents will be stronger and the spillover effect of its software patents will be weaker. Taken together, this implies that the focal firm's hardware patents will negatively moderate the relationship between the firm's software patents and the market value of its rivals. In other words, when the spillover (market-stealing) effect of the firm's software patents dominates, the firm's hardware patent stock will weaken (strengthen) the positive (negative) impact of its software patents on rivals' market value. In order to empirically verify this conjecture, we examine the following question:
RQ2: Do a firm's hardware patents moderate the relationship between the firm's software patents and its rivals' market value positively or negatively?
Next, building on prior research suggesting that the outcomes of market-stealing and spillover may vary depending on industry characteristics (Austin 1993; Megna and Klock 1993) , we argue that competitive intensity can have a significant influence on the effects of rivals' software patents. Competitive intensity refers to the extent to which a firm's external environment is characterized by intense competition (Matusik and Hill 1998) . In a more competitive environment, there are more competitors, and it is difficult for a firm to predict its competitors' actions. In such environment, firms need to be very agile in responding to competitors' moves to stay ahead of the competition.
A large body of research highlights that a firm's own patents offer a more significant boost to its market value in industries that are characterized by strong protection of intellectual property rights (Cockburn and Griliches 1988; McGahan and Silverman 2006; Teece 1986 ).
However, in a highly competitive industry where many firms try to differentiate themselves from and stay ahead of their competition, the market-stealing effect of rivals' software patenting may be severely dampened.
On the other hand, a high level of competitive intensity leads to the erosion of software patent protection because it allows rival firms to exploit the knowledge embedded in the innovations more easily. In other words, under highly competitive environments, outcomes of patented innovations tend to become rapidly diffused over the population of competitors without consent of the patent owner (Jansen et al. 2006; Levinthal and March 1993) . Thus, in a more competitive environment, we expect the spillover effect of a firm's software patents on rivals'
performance to be stronger. Taken together, this implies that competitive intensity will positively moderate the relationship between a firm's software patents and the market value of its rivals. In other words, when the spillover (market-stealing) effect of a focal firm's software patents dominates, competitive intensity will strengthen (weaken) the positive (negative) impact of the firm's software patents on rival firms' market value. In order to empirically validate our conjecture, we examine the following question:
RQ3: Does competitive intensity moderate the relationship between a firm's software patents and its rivals' market value positively or negatively?

RESEARCH DATA
IT industries provide an ideal setting for our study because profitability in IT industries depends critically on firms' abilities to create and commercialize new technologies and defend rivals' information on patent assignee names (mainly, the firm), the number of patents, the number of citations received by each patent, the technological class of the patent, and the year that the patent application was filed and granted. We recorded patents by their filing year, rather than their granted year, as there may be arbitrarily long lags between application year and granted year (see Benner and Tushman 2002) .
Because the USPTO published new guidelines for software patentability on March 29, 1996 and our analysis requires patent citation information, we choose our sample period to be 1998- Hall and MacGarvie (2010) . We ruled out those patent classes for which the share of the top 20 software firms was under 20%. Further, we also included any additional technology classes that had been classified as software patents in prior research (Bessen 2011; Graham and Mowery 2003; Hall 2003) . Next, we identified hardware patents by adopting the classification method employed in prior studies (Choi et al. 2007; Schaaper 2003) . Finally, we re-examined patent classes for which the consistency among patent classes suggested from prior studies, as well as our own classification, is low. Three coders, who are experts in information technology, validated and re-classified these patent classes after independently reading the definitions of these classes in detail. The inter-rater reliability for the coding of software and hardware patent was 0.94, suggesting a high level of agreement. The resulting categorization of software patents consists of 22 technology classes and that of hardware patents contains 25 technology classes (see Table 2 ).
-Insert Tables 2 about here -
In line with prior research (Hall et al. 2005; Hall and MacGarvie 2010; Liu and Wong 2011), we computed the patent stock measure in year t for firm i using a single depreciation rate (ρ) for the patent value, which is assumed to be 20%, consistent with prior research. We also calculated the R&D stock in year t for firm i using the same depreciation rate. 6 To control for the size of R&D investments, we scaled the patent stock by the R&D stock following prior studies (Griliches 1981; Hall et al. 2005; Hall and MacGarvie 2010; Liu and Wong 2011) . Another reason we use the ratio of patent stock to R&D stock is that once R&D is observed, the market presumably knows how to price the expected value of the innovative stream that will result from it, including the expected number of patents that will come further down the line (Griliches 1981) . Thus, the additional informational value of patents once R&D has already been factored in must be captured by the number of patents per dollar of R&D. In sum, the ratio of software patent stock to R&D stock indicates the software patent yield of R&D. If the yield of R&D in terms of software patents is higher than average, it may indicate that the R&D project succeeded beyond expectations, conversely so if the patent yield is low.
7
Prior studies on identification of rivals (e.g., Eckbo 1983; Oxley et al. 2009 ) suggested both incumbent rivals that were recognized as leaders in the corresponding industry in year t and peer rivals comprised firms whose total asset size was close to that of a focal firm. In this study, we used peer rivals to capture direct, short-term competition in a certain year. We identified peer rivals of an IT firm using procedures similar to those used by Han et al. (2012) . To minimize possible noise in the data for the identification of the peer rivals, the sample data was refined in several ways. First, we identified a group of peer rival firms sharing the same primary four-digit SIC with the focal firm, constrained within +/-20 percent of total asset compared with that of focal firm on the basis of the year of patent applications. Second, firms whose rivals could not be identified accurately through the use of multiple sources such as Hoover's company profiles were removed from the sample. This resulted in 567 rivals during nine years.
8
To capture market competition, we employ two measures of industry concentration: the four-firm concentration ratio (CR4) which is measured as the ratio of the total sales of the top four firms in an industry to the total industry sales, and the Herfindahl-Hirschman Index (HHI).
We calculated CR4 and HHI for each four-digit SIC industry and each year to measure the market concentration. Higher values indicate lower market competition (Han and Mithas 2013; Mithas et al. 2013) . To avoid confusion in interpreting the coefficient, we use the log of the 7 Using raw software patent stock (without scaling by R&D stock) yielded similar results. 8 For a robustness check, we also applied 10% and 30% as the criteria for selecting peer rivals, and obtained similar results.
reciprocal of the HHI in the estimations so that the higher the value of this index, the higher the degree of market competition.
9
As our main dependent variable, we use rivals' Tobin's q that captures the financial market performance of rivals. Given that it offers the advantage of capturing both short-term performance and long-term prospects based on the market value, it has been widely used in prior IS literature (Bardhan et al. 2013; Bharadwaj et al. 1999; Kohli et al. 2012; Xue et al. 2012 ) and prior research examining the impact of rival's activities on a focal firm's market value (Fosfuri and Giarratana 2009) . Moreover, Tobin's q covers the market-based measure of a firm's tangible and intangible value because it is forward-looking, risk-adjusted, and less volatile to changes in accounting practices. In order to effectively capture the competitive impact of software patents, which may have long-term consequences not recorded in rivals' financial statements, we use rivals' Tobin's q to measure the market performance.
10
We included a number of control variables that can affect rivals' Tobin's q. 11 To control for the growth opportunities available to rivals, we included rivals' R&D intensity, which was computed as the total amount of R&D expenditures in a given year, divided by total sales for each firm, and the industry Tobin's q (Bardhan et al. 2013; Bharadwaj et al. 1999; Xue et al. 2012 ). We also included the total number of employees as a control for firm size, and included advertising intensity and net income (Hitt and Brynjolfsson 1996; Xue et al. 2012 ). Finally, a set of industry dummies at the four-digit SIC level were included to control for time-invariant industry-specific effects. Year dummies for the sample years from 1998 to 2006 were included to control for year-specific effects. Table 3 summarizes the definitions of variables, and Table 4 provides correlations among the variables.
- Insert Tables 3and 4 about Table 5 . Table 6 provides our sample distribution by sub-IT industry at the four-digit SIC level. Our sample consists of hardware manufacturing industries that correspond to the SIC codes 35, 36, and 38, and software industries corresponding to the SIC code 73. We compare the amount of software and hardware patent stock across industries. The overall ratio of software patent stock to IT patent stock is 53.4% and it is not significantly different across sub-IT industries.
-Insert Tables 5 and 6 about here -
MODELS AND RESULTS
Econometric Estimation
Our empirical specification is similar to what has been used in prior studies (Griliches 1981; Hall et al. 2005; Liu and Wong 2011 Equation (1) assesses the relationship between a firm's patents (software and hardware) and rivals' market value (RQ1). It also includes the interaction term between a firm's software patents and hardware patents to examine the possible complementarities between them (RQ2).
Further, the equation includes the interaction term between a firm's software patents and market competition to examine the moderating effect of competitive intensity (R3). We first estimate the model without the interaction terms to examine the unconditional effects of a firm's software patent stock on rivals' market value. Then, we re-estimate the model with the interaction terms to examine the moderating effects of a firm's hardware patents and market competition, respectively. In addition to a firm's own patents, we include rivals' software and hardware patents as they have been shown to impact its firm value (Chung et al. 2014 ). In addition, we include a comprehensive set of rival-specific exogenous variables, as noted earlier.
We center the variables comprising the interaction terms by calculating the deviations from their respective mean values to reduce the multicollinearity between the main and interaction terms (Pinsonneault and Kraemer 1997; Smith and Sasaki 1979) . We then perform several diagnostic checks to ensure the stability of our estimation results and do not detect any significant problems. The variance inflation factors (VIFs) of all independent variables did not exceed 10, a commonly used cut-off value.
In order to account for unobserved heterogeneity across industries in our data, we first considered fixed-effects and random-effects models. To choose between fixed-and randomeffects models, we conducted a Hausman test and could not reject the null hypothesis that the errors are not correlated with the explanatory variables (Prob > chi 2 = 0.142). Then, we ran the Breusch-Pagan Lagrange multiplier (LM) test and could reject the null hypothesis that there is no significant unobserved heterogeneity across firms (Prob > chi 2 = 0.000). These test results suggest that our use of a random-effects model is warranted. 15 Because the Wooldridge test for autocorrelation indicates the presence of first-order autocorrelation (AR1) in our panel dataset (F = 65.42, p < 0.01), we employ a random-effects model with a correction for AR(1) errors, using the xtregar procedure in the STATA software.
-Insert Table 7 about here - Table 7 reports the results of estimating a random-effects model. We only include the control variables in Model 1 and add our focal variables in a hierarchical manner. In all Models, rivals' own software and hardware patents are positively associated with its firm value, confirming the previous finding that a firm's IT patent stock significantly contributes to firm value (Chung et al. 2014 ). We include a firm's software and hardware patents in Models 2 through 4. In Model 5, we include the interaction term between a firm's software patents and hardware patents to examine the complementarity between the two types of patents. In Model 6, we include the interaction between a firm's software patents and market competition. In Model 7, we include all the terms specified in Equation (1).
Results
We observe that rivals' software patents are negatively associated with firm value (see Models 2 -7). Addressing RQ1, this result indicates that a firm's software patent stock significantly diminishes its rivals' market value. Specifically, based on Model 1, a 1% increase in a focal firm's software patent stock is associated with approximately a 0.03% decrease in the rivals' market value. This suggests that the market-stealing effect is more dominant compared to spillover effect in the case of software patents. Although not our focus, it is worth noting that the impact of a firm's hardware patents on rivals' value is not significant. Regarding RQ2, we find that the interaction between a focal firm's software and hardware patents is negative (in Model 5, β = -0.025, p < .05; in Model 7, β = -0.021, p < 0.05); this suggests that a firm's hardware patents play a role of a complementary asset to their software patents, thereby strengthening the marketstealing effects of software patents while weakening the spillover effects, consistent with our conjecture.
Next, we report the estimation results for Model 6 and 7 where we consider the interaction between a focal firm's software patents and market competition. We find that the interaction between a firm's software patents and market competition is positively significant (in Model 6, β = 0.040, p < .05; in Model 7, β = 0.041, p < .05). With regard to RQ3, this finding suggests that the impact of a firm's software patents on rival's value is stronger in a less competitive market environment. In other words, an increase in the market competition mitigates the adverse impact of a firm's software patents on rivals' market value. The coefficients in Model 6 indicate that when market competition increases from 0 to 1, the impact of the focal firm's software patents on rivals' market value changes from -0.038 to 0.002. This suggests that as competitive intensity increases the spillover effect becomes stronger relative to the market-stealing effect, and under an extremely high level of competitiveness, the spillover effect dominates.
Robustness Checks
We have conducted several robustness checks. First, in order to check whether the quality of patents affect our results, we used an alternative measure of patent stock that can account for patent quality. Because patent quality is commonly measured by the number of citations a patent receives (Hall et al. 2005 ; Hall and MacGarvie 2010), we used citation-weighted software (hardware) patent stock as an alternative measure for software (and hardware) patent stock. We retrieved the number of subsequent citations (i.e., forward citations) a patent receives from the NBER patent database. Then, we computed the citation-weighted software and hardware patent stock, scaled by the R&D stock (Liu and Wong 2011) . Using this alternative measure yielded similar results.
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-Insert Table 8 about hereSecond, there is a potential concern for the endogeneity of our patent stock variables. For example, a firm's decision to patent its innovations may be influence by its rivals' current and future performance (expectations) that is reflected in the rivals' market value. In this case, the firm's patent stock would be endogenous and our estimates would be biased. To address this potential endogeneity, we employ the Arellano-Bover/Blundell-Bond system GMM estimator (Arellano and Bover 1995; Blundell and Bond 1998) . Our independent variables, except for the industry Tobin's q and year-sector dummies, are assumed to be endogenous and are instrumented with lagged values of the variables, in both levels and in their first differences. We estimate the two-step system GMM estimator, which is asymptotically efficient and robust to any panelspecific autocorrelation and heteroskedasticity. Furthermore, we correct for the downward bias in standard errors using the Windmeijer correlation (Windmeijer 2005 ).
-Insert Table 9 about here - Table 9 presents the system GMM estimation results which are qualitatively similar to our main results in Table 7 . The results of the AR(2) test of the null hypothesis indicate that there is no serial correlation in the second differences of the residuals (p = -0.97, -1.22, -1.34 and -1.54, respectively). The Hansen test yields a J-statistic with a χ 2 distribution under the null hypothesis, indicating that the instruments are orthogonal to the error term. The results show that we cannot reject the null hypothesis that the instruments are valid (p = 0.626, 0.798, 0.973 and 1.000, respectively). Further, we report the results of a test of exgeneity of a subset of our instruments.
Using a difference-in-Hansen test of exogeneity under the null hypothesis, indicating that the subset of instruments that we use in the levels equations are exogenous, we find that the p-value associated with the Hansen test imply that additional instruments in the system GMM estimation are exogenous as well. Overall, these results indicate that endogeneity is not a serious concern in our estimations.
Further, we used an alternative measure of market competition (i.e., CR4 instead of HHI).
The overall estimation results based on CR4 are qualitatively similar to our main results. 
DISCUSSION AND CONCLUSIONS
While prior research on IT and innovation has primarily examined the impact of IT investments on the innovation performance (Bardhan et al. 2013; Kleis et al. 2012; Xue et al. 2012 ), our study focuses on investigating the value impacts of IT innovation itself. Specifically, we examined the impact of a firm's software patents on the financial market value of its competitors in the IT industry and the moderating role of hardware patents and competitive intensity. Based on a sample of 420 firms in the US IT industry, we find that a focal firm's software patents are significantly associated with a decrease in the competitors' market value, captured by Tobin's q.
17 Details are available upon request.
On average, we find that a 1% increase in a firm's software patent stock is associated with a 0.03% decrease in rivals' financial market value.
More importantly, we have identified two factors that moderate the impact of a focal firm's software patents on its rivals' market value. Although a firm's hardware patents do not have a direct impact on rivals' market value, our results suggest that a firm's hardware patents amplify the competitive (negative) impact of its software patents. In addition, we find that market competition significantly influences the extent to which the stock of a firm's software patents affects rivals' market value. Specifically, an increase in the market competition mitigates the negative impact of focal firm's software patents on rival firms' performance. These findings provide unique and important implications for theory and practice, regarding the business value and impacts of software patents.
Theoretically, our study offers evidence of the important role played by software patents in the competitive dynamics in IT industry. Although considerable research has been conducted on the market performance of software patents (Chung et al. 2014; Fosfuri et al. 2008; Hall and MacGarvie 2010) , prior studies have focused on the impact of software patents on the patentowners' performance and there has been a paucity of research on the impact of software patents on rival firms' performance. By conceptualizing software patents as a key resource in the IT industry and adopting the perspectives of market-stealing versus spillover, this study addresses which effect (market-stealing or spillover) would dominate in software patents. By showing the significant competitive effects of software patents, our study provides a rationale for firms to invest heavily in software patents within the IT industry, thereby extending the prior studies that question the value of software patents (Bessen and Hunt 2007; Hall and MacGarvie 2010) .
In addition, our analysis of the moderating role of hardware patent stock provides a richer understanding of the conditions under which the competitive effects of software patents can be magnified or mitigated. Our finding that a firm's hardware patent stock strengthens the competitive impact of its software patent stock underscores the importance of complementary assets (hardware patents in our case) in developing competitive advantage from innovations (Teece 1986 ). Furthermore, our study provides new insights into the relationship between a firm's software patents and the market competition. Extending prior research suggesting that the outcomes of market-stealing and spillover vary depending on industry characteristics (Austin 1993; McGahan and Silverman 2006; Megna and Klock 1993) , our study finds that the adverse impact of a firm's software patents on rivals' performance is more salient in a less competitive environment. Our results suggest that when firms build capabilities through software patents, a focal firm's software patents may be more detrimental to rivals' performance in the presence of fewer rivals. In this respect, our study makes a meaningful contribution to the literature on the consequences of rivals' actions (Fosfuri and Giarratana 2009; McGahan and Silverman 2006; Oxley et al. 2009 ).
For managers, one of the most interesting results is the negative market-stealing effect of a firm's software patents on rival firms' financial market value in the IT industry. Our results provide an explanation as to why many firms adopted a system for tracking its rivals' patents portfolio, filing lawsuits against patent infringers to protect their intangible assets and to compensate for their loss (e.g., Nielsen 2013). Our results also imply that IT firms should carefully adjust their patenting strategies depending on the level of market competition in order to increase the financial returns to software patents. In particular, our findings underscore the importance of having a systems approach to IT innovations-firms are more likely to gain competitive advantage from IT-based innovations including both hardware and software components, compared to those solely focusing on either software or hardware innovations.
Furthermore, our study can inform policymakers about the importance of competitive intensity in IT industries in mitigating the adverse impact of software patents on rivals. Our result suggests that in a more concentrated (less competitive) industry, software patents have a greater competitive effect on rivals, which will further solidify the competitive position of the "strong" firms owning important software patents. Given the potential negative social impact of patents on innovation (Gans et al. 2008; Savich 2007) , our result suggest that policy makers should take measures that can increase the competitive intensity in IT industries, thereby mitigating the competitive effects of software patents. 
Table1: Two Competing Perspectives on the Impact of Software Patents on Rivals' Performance
Market-Stealing Spillover Anticipated Impacts on Rivals
Negative Positive
Underlying Arguments A firm's software patents can enable the firm to improve its products and services, and increase efficiency, thereby helping solidify the firm's competitive position relative to its rivals (Teece 1986; Teece 1998) .
A firm's software patents can generate property rights that give the firm a competitively advantageous position and an ability to take legal actions against its rivals that attempt to copy its technologies without permission (Levin et al. 1985; McGahan and Silverman 2006) .
A firm's software patents can trigger greater technological opportunities for rival firms (Jaffe et al. 2000) .
The disclosure of software patents by the firm provides crucial information about the innovation. Based on this information, the rivals can imitate a focal firm's innovation and develop similar or better products/services (McGahan and Silverman 2006) .
Related Empirical Works
Patents have a market-stealing effect in the semiconductor industry (Megna and Klock 1993) .
Rival product announcements have a market-stealing effect in mature product market (i.e., carbonated soft drink industry) (Fosfuri and Giarratana 2009 ).
Patents have a spillover effect in the biotechnology industry (Austin 1993 ) and the pharmaceutic industry (Furman et al. 2005) .
Alliance announcements have a spillover effect on allying firms' rivals in the telecommunications and electronics industry (Oxley et al. 2009 ) and open innovation alliances (Han et al. 2012 ). Bessen, 2011; (b) Graham & Mowery, 2003; (c) Hall, 2003; (d) New added way for classifying software patent in this research; (e) Choi et al., 2007; (f) Schaaper, 2003 . * We qualitatively reclassified these US patent classes into either software patent or hardware patent by examining definition of these classes in detail with three experts. Note: Log scale. Significance: *** p < 0.01; ** p < 0.05; * p < 0.10. Huber-White robust standard errors are shown in parentheses. Models include year or sector (SIC 4-digit) dummies but the coefficients are not reported for the brevity. All of the variable in the interaction terms have been centered. We use the log value of the reciprocal of the HHI as the market competition (i.e., large value of this measure means more competitive industries). Note: Log scale. Significance: *** p < 0.01; ** p < 0.05; * p < 0.10. Models are reported using random-effects with AR1 adjustments. Huber-White robust standard errors are shown in parentheses. Models include year or sector (SIC 4-digit) dummies but the coefficients are not reported for the brevity. All of the variable in the interaction terms have been centered. We use the log value of the reciprocal of the HHI as the market competition (i.e., large value of this measure means more competitive industries). p < 0.05; * p < 0.10. Huber-White robust standard errors are shown in parentheses. Models include year dummies but the coefficients are not reported. We report two-step estimators, which are asymptotically efficient and robust to any panel-specific autocorrelation and heteroscedasticity. We correct for the downward bias in the standard errors using the Windmeijer correlation (Windmeijer 2005) .
